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Introduction: The use of the wind energy with practical ends is referred from old times; however at the present time it recovers validity 
for the necessity of finding alternative sources of energy in front of the conventional fossil fuel that is more and more scarce and it causes 
serious problems of environmental contamination.    
Objective: Design a windmill for the extraction of water in a simple and efficient way, from the principles of a multiblades windmill and 
the use of materials recovered in the locality that allows the irrigation of the garlic cultivation with sprinkle irrigation system at the minimum 
possible cost.    
Methodology: Different methodologies like the experience of the producers, established technical approaches for the selection of the 
relationship of speeds diameter of the rotor, coefficient of sustentation; haulage coefficient and attack angle were used. The analytic method 
was used for the calculation of the coefficient of solidity, the cord angles, the coefficient of power, the useful power, real flow, hydraulic 
power of the pump, total force in the piston, centrifugal force, sustentation force, drag force and the starting torque generated in a windmill.   
Results: They were obtained starting from the wind speeds registered in the locality during 30 years of systematic studies and the defined 
parameters and calculated for the wind rotor and the volumetric pump.  It was possible to design a windmill with the mechanical and 
hydraulics characteristics appropriate to be used in the agriculture.   
Conclusions: The investigation demonstrated that the design of the windmill allows to complete the demands of the pumping of water for 
the irrigation system when guaranteeing a real flow of 0,17 L s-1 and a volume of water of 0,30 L displaced by the pump in each revolution 
of the wind rotor. The power generated by the wind rotor satisfies the power required by the pump.   
Key words: wind rotor, geometry of the blade, useful power, piston pump, solidity coefficient. 
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The total of solar energy that arrives at the planet Earth alone 2% 
becomes wind, which originates for the unequal heating of the 
Earth that is the causing of the imbalance and the displacement 
of big masses of air from the areas of high pressures toward those 
of low and for the rotation of the earth. Wind energy is the kinetic 
energy generated by effect of the currents of air and it is 
transformed in other useful energy forms for their use in human 
activities as mechanics and electric [1]. 
 
The renewable energy as the solar energy, the eolic, the 
hydraulics and the geothermal have been important part of the 
energy used by the humans from remote times, in the case of the 
wind energy, has taken advantage from the ancient times for the 
navigating or the operation of the windsmills. In general, 
renewable energy sources are different from fossil fuels or 
nuclear power plants due to their diversity and abundance [2].  
 
The wind energy is the energy renewable source that has 
demonstrated certain superiority in comparison with the 
traditional energy sources; it is also recognized like one of the 
renewable energy most valuable, clean, abundant, cheap and 
inexhaustible that is part of the environment [3]. Energy 
production from the wind is the source of more use and growth 
among the other alternative sources of energy with the lowest 
generation prices [4], [5].  
 
The wind energy takes advantage on one hand to take out water 
of the wells by means of the calls aero pumps; specifically, the 
multiblades mills of American type which are very widespread 
and on the other hand for the current production when the mills 
are together to an electric generator, that receive the name of aero 
generators or Eolic turbines [6].  
 
The use of the wind energy as been largely studied in Cuba from 
the first half of the XX century, when the camagüeyanas 
savannas reached its cattle splendor with the windmills like 
efficient and effective energy technology for the water supply to 
the cattle raising, the irrigation to small parcels and the water 
supply to communities [7].  
 
The wind pumping system is ideal to increase the production for 
area unit in cultivations with low cultivation coefficients (Kc), 
which constitutes an alternative of cheap pumping for small 
farmers; but it should be designed in a simple way so that the 
farmer can easily apply the required maintenance and deliver a 
reliable and uniform amount of water from a storage tank with a 
certain elevation to deliver adequate pressure to the irrigation 
system [8]. 
 
The aspects previously expressed allow to consider as the 
objective of the research to design a windmill for the extraction 
of water in a simple and efficient way, based on the principles of 
a multi-blade windmill and the use of materials recovered in the 
locality that allows the irrigation of the garlic crop with the 





II. MATERIALS AND METHODS 
 
The investigation was carried out in the farm "La Cuchilla", 
located in the community of Sabicú in the Primero de Enero 
municipality of the Ciego de Ávila province, between the 
coordinates 21° 52' of Latitude North and 78° 18' of West 
Longitude, with an area of 7,5 ha in crops such as tomatoes, 
garlic, beans, corn, cassava, banana, lemon, mango, coconut and 
others. The experimental area consisted on a plot of 931,00 m2 
sowed with the garlic cultivation of the variety Gibara in a 
traditional way for farmers of the area with the use of sprinkle 
irrigation system with which acceptable yields are obtained [9], 
[10].  
 
The irrigation system is worked with wind energy through a 
multiblades windmill with height of the tower of 10 m. For the 
design of the windmill we leave of the following initial data 
adopted according to the experience of the producers and 
established technical approaches for this device type: 
relationship of speeds (λ) of 1 [11]; diameter of the rotor (Drot) of 
2,52 m; sustentation coefficient (CS) of 1,80; drag coefficient 
(CD) of 0,03 and attack angle (α) of 5. Fig.1 the fundamental parts 


















Fig 1.  Fundamental parts of the wind rotor 
 
Chord with the available resources for the farmer, a system of 
extraction of water was used composed by a volumetric pump 
with a diameter of the piston (Dpis) of 80 mm; displacement of 
the piston (S) of 60 mm and yield of the volumetric pump (ηvol) 
of 80%; as well as a convertor system compound for: teeth 
number of the smaller peanuts on the axis of the rotor (Zmin) of 
17 teeth; teeth number of the bigger peanuts reducer of speed 
(Zmax) of 53 teeth. Average wind speed (vave) of the locality for a 
30 year-old period was of 5,50 m s-1. The solidity coefficient of 
wind rotor was determined of the relationship between the total 
area of the blades and area of wind rotor; for what depends on 
the number of aerodynamic blades that composes the mill and 
the area of a blade. The parameters were calculated with the 
following equation:  
 
a: Blade length (L
p
). 
b: Rotor radius (R
rot
). 
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                                                    (1) 













                                          (3) 
 
with, Ω: solidity coefficient of wind rotor; ATb: total area of the 
blades (m2); Ab: area of a blade (m2); Nb: number of blades; Bb: 
width bigger of the blade (m): bb: width smaller of the blade (m); 
Lb: longitude of the blade (m). 
 
The calculation of the cord angles was carried out with base to 
the Fig. 2 in which the average speed of the wind (vave) of the 
locality is shown; the tangential speed on the tip of the blade (u); 
the apparent speed or relative speed of the wind that receives the 
blade (va); attack angle (α); inclination angle (β) and apparent 
angle of the wind (θ). The parameters were calculated with the 
following equation: 
 







                                            (5) 
                                                       (6) 
 
Fig. 2 Angles and velocities in a moving blade.  
 
The power coefficient was determined by means of the 
application of a quadratic distribution that is adjusted 
satisfactorily to the curve of aerodynamic yield in function of the 
specific speed [12]:  
 
 322,00976,0 2 pC                      (7) 
 
with, Cp: power coefficient; λ: relationship of speeds. 
 
The useful power of the windmill was determined according to 
[5] in function of the availability of wind resources and the area 
of wind rotor: 
 
paverotau CvAP ....5,0
3                               (8)  
 
with, Pu: useful power of the windmill (W); ρa: density of the air 
in the place of the location (kg m-3); Arot: area of wind rotor (m2); 
vave: average speed of the wind of the locality (m s-1). 
 
The transmission relationship in the windmill was obtained of the 
relationship among rotation speed of the rotor and the axis 
revolutions that it works the crank system of the pump. This last 
one depends directly with of the number of teeth of the peanuts 












n                                            (10) 
 
with, rt: transmission relationship; n: rotation speed of the rotor 
(rpm); ncrank: turn speed of the crank system of the pump (rpm); 
Zmin:  number of teeth of the smaller pinenut on the axis of the 
rotor; Zmax: number of teeth of the bigger peanut reducer of speed. 
 
The real flow that contributes the windmill was considered from 
the volumetric efficiency and the theoretical flow. This last one 
INGE CUC, Vol. 17, No. 2, Julio – Diciembre, 2021 (IN PRESS) 
© The author; licensee Universidad de la Costa - CUC. 
INGE CUC vol. 17. no. 2, Julio - Diciembre, 2021. 
Barranquilla. ISSN 0122-6517 Impreso, ISSN 2382-4700 Online 
 
 
was in function of the area of the piston of the pump, the 
displacement of the piston and the rotation speed of the rotor. 
The parameters were calculated with the following equation: 
 














                                                   (13) 
 
with, Qt: theoretical flow (m3 s-1); Qr: real flow (m3 s-1); Apis: area 
of the piston of the pump (m2). 
 










                             (14) 
 
with, Ph: hydraulic power of the pump (W); ρw: density of the 
water (kg m-3); g: acceleration of the graveness (m s-2); HT: total 
height of pumping that includes the friction lost, the located 
losses and the static and dynamic levels (m). 
 
The estimating of the forces in the piston due to the column of 
water in the pipe needed of the previous calculation of the load 
of pressure required by the volumetric pump for filling the 
storage tank of the system; for what the Bernoulli equation was 





















                                        (17) 
 
with, P: hydrodynamic pressure in the piston (N m-2); vf: speed 
of the fluid (m s-1); htan: height of the storage tank (m); HT: total 
height of pumping (m); γ: specific weight of the water (9800 N 
m-3); Apipe: area of the pipe (m2). 
 
The piston force, water force inside the pump and total force in 
the piston was determined with the following equations: 
 
tubpis APF .                                         (18) 
SAgF pisagua ...                             (19) 
aguapistotal FFF                             (20) 
 
with, Fpis: piston force (N); Fwat: water force inside the pump (N); 
Ftotal: total force in the piston (N); Apipe: area of the pipe (m2); 
Apis: area of the piston of the pump (m2); S displacement of the 
piston (m).  
 
The centrifugal force in the blade was determined according to 









                                                   (21) 
ppmatp eAm ..                                             (22) 
60
.2 n
                                                        (23) 
rotRu .                                                      (24) 
cgG LRr  int                                                (25) 
prot LRR int                                              (26) 
 
with, FC: centrifugal force in the blade (N); mp: mass of a blade 
(kg); u: tangential speed of the rotor (m s-1); ω: angular speed of 
the rotor (rad s-1); rG: distance from the center of the rotor to the 
center of gravity of the blade (m); ρmat: density of the material of 
the blade (kg m-3); eb: wideness of the blade (0,0003 m); Rint: 
radius of internal ring (m); Lcg: distance from the smaller base 
than the blade to their center of gravity (m). 
 
The sustentation force that allows the ascent and rotation of the 
rotor and the drag force that generates the wind on the blade of 

























m                             (28) 
with, FS: sustentation force (N); FD: drag force (N); CS: 
sustentation coefficient; CD: drag coefficient. 
 
The starting torque generated in a windmill in the moment in that 
their operation begins was considered by means of the following 
empiric equations:  
 






                                                    (30) 
 
with, Mo: starting torque (N.m); Cmo: starting torque coefficient; 
λd: relationship of speeds so that the wind rotor delivery their 
maximum power. 
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III. RESULTS AND DISCUSSION 
 
Because the rotor is the main element of the windmill, has been 
dedicated the maximum attention to the determination of its 
fundamental parameters. In this sense in the Table 1 the 
geometric characteristics of the blades of the wind rotor and their 
solidity coefficient are presented. The windmill was configured 
with a total of 15 galvanized zinc aerodynamic blades, to cause 
the maximum revolution in the rotor shaft. This quantity of 
blades is associated to the relationship of speeds with the 
objective of achieving the biggest aerodynamic yield. A profile 
of plane sheet in trapezoidal form was chosen according to 
suggestions of [15] with bigger wide than 0,43 m, wide smaller 
than 0,24 m and longitude of 0,77 m. 
 
The distance from the center of the rotor to the center of gravity 
of the blade reached a value of 0,91 m in function of the distance 
from the bigger base of the blade to its center of gravity, the 
distance from the smaller base of the blade to its center of gravity, 
the radius of the win rotor and the radius of internal ring.  
 
Each blade of the wind rotor has an area of 0,26 m2; for what the 
total area of all blades is of 3,87 m2 and the area of wind rotor of 
4,99 m2 with what a solidity coefficient of wind rotor of 78% is 
reached, what indicates that 78% of the area of the rotor is 
covered for the blades. This result belongs together with the 
geometric dimensions for multiblades mills according to that 
exposed by [16], [17]. The design of the wind rotor considered 
the mass of the fundamental components; for what the analysis 
gave as a result for the mass of a blade, the mass of the group of 
blades and the mass of the wind rotor values of 0,56 kg; 8,36 kg 
and 90,19 N respectively. 
 
Results of the tangential and apparent wind speeds in the blade 
of the wind rotor for incident wind speeds in the range from 2,5 
to 12,0 m s-1 are shown in Table 2. In all the cases it is observed 
that the values of the incident wind speed coincide with those of 
the tangential wind speed, that which is logical of waiting 
because this last one is directly proportional to the relationship 
of speeds that was assumed with an unitary value; however, the 
apparent wind speed that is the vectorial resultant of the incident 
wind speed and the tangential wind speed is increased in a 
growing way in correspondence with the increment of the 
incident wind speed. This resulting force when acting on the 
blades allows the turn of the wind rotor [18].  
 
An important factor in the design of the aerodynamic blades of a 
wind rotor is the determination of the cord angles as: inclination 
angle (β) that obtained a value of 30 º in this investigation in 
function of the relationship of speeds (λ), apparent angle of the 
wind (θ) and the attack angle (α). In the case of curved surfaces, 
the angles β and θ, vary along the blade; however, in the 
multiblade windmill for reasons of simplicity and costs, opt to 
use blades of constant section and without curve. 
 
The values of the angular speed of the rotor, rotation speed of the 
rotor, turn speed of the crank system of the pump and the 
transmission relationship regarding the speed of the incident 
wind are offer in the Table 3. In all the cases it is observed that 
the analyzed variables are increased with the increase of the 
incident wind speed. For Average speed of the wind of 5,50 m s-
1 the values of the angular speed of the rotor, rotation speed of 
the rotor and speed of the crank system of the pump were 
respectively of 4,37 rad s-1, 41,68 rpm and 13,37 rpm; while the 
transmission relationship remained with a constant value of 
three. 
 
The results of flows, hydraulic power and useful power in the 
designed windmill are offer in the Table 4. It is observed that the 
theoretical and real flow of the volumetric pump varies 
proportionally with the incident wind speed and consequently 
with the speed of the crank system of the pump and the rotation 
speed of the rotor. When the wind speed increases, the flow of 
pumping, the hydraulic power of the installation in function of 
the real flow of the pump and the total height of pumping is 
increased; as well as the useful power generated by the windmill; 
therefore, the useful power satisfies the hydraulic power required 
for wind speeds from 2,5 to 12,0 m s-1. 
 
The useful power of the windmill allows that the piston pump 
displeases a volume of water of 0,30 L in each revolution of the 
wind rotor, being required of a total force in the piston of 42,23 
N, corresponding a value of 39,27 N (92,9%) for the piston force 
and 2,96 N (7,01%) to the water force inside the pump.   
  The coefficient of useful power (Ku) with value of 0,13 was 
obtained in the investigation that allows in a practical and precise 
way the estimate of the useful power of the multiblade windmill 
for climatic conditions and similar design to the existent in the 
locality where the work was developed. This value is very close 
to that proposed in the literature for the American multiblade 
windmill, which ranges between 0.045 and 0.135 according to 
[19]. For these conditions the following equation is proposed: 
 
3..13,0 averotu vAP                                   (29) 
 
For these conditions of incident wind speed the useful power of 
the windmill is increased according to the values of rotation 
speed of the rotor that oscillate between 18,95 and 90,95 rpm, 
with a power coefficient of 0,22 according to the climatological 
conditions of the place and the specific characteristics of the 
designed windmill, that which is comparable with the results 
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Table 1. Geometric parameters and solidity coefficient of the wind rotor. 
Parameters Value 
Number of blades (Nb). 15 
Longitude of the blade, m (Lb). 0,77 
Width smaller of the blade, m (bp). 0,24 
Width bigger of the blade, m (Bp). 0,43 
Distance from the bigger base of the blade to its center of gravity, m (ycg). 0,35 
Distance from the smaller base than the blade to their center of gravity, m (Lcg). 0,42 
Distance from the center of the rotor to the center of gravity of the blade, m (rG). 0,91 
Radius of the win rotor, m (Rrot). 1,26 
Radius of internal ring, m (Rint). 0,49 
Area of a blade, m2 (Ab). 0,26 
Total area of the blades, m2 (ATb). 3,87 
Area of wind rotor, m2 (Arot). 4,99 
Solidity coefficient of wind rotor (Ω). 0,78 
Table 2. Tangential and apparent speeds of the wind rotor. 
v (m s-1) u (m s-1) va (m s-1) v (m s-1) u (m s-1) va (m s-1) 
2,5 2,50 6,25 8,0 8,00 64,00 
3,0 3,00 9,00 9,0 9,00 81,00 
4,0 4,00 16,00 10,0 10,00 100,00 
5,0 5,00 25,00 11,0 11,00 121,00 
6,0 6,00 36,00 12,0 12,00 144,00 
7,0 7,00 49,00    
 
 



















2,5 1,98 18,95 6,08 3 8,0 6,35 60,63 19,45 3 
3,0 2,38 22,74 7,29 3 9,0 7,14 68,21 21,88 3 
4,0 3,17 30,32 9,72 3 10,0 7,94 75,79 24,31 3 
5,0 3,97 37,89 12,15 3 11,0 8,73 83,37 26,74 3 
6,0 4,76 45,47 14,59 3 12,0 9,52 90,95 29,17 3 
7,0 5,56 53,05 17,02 3 
     
 
Table 4. Flows, hydraulic power and useful power in the wind mill. 
v (m s-1) Qt (m3 s-1) Qr (m3 s-1) Qr (L s-1) Ph (W) Pu (W) 
2,5 0,00010 0,00008 0,08 4,65 10,14 
3,0 0,00011 0,00009 0,09 5,58 17,53 
4,0 0,00015 0,00012 0,12 7,44 41,55 
5,0 0,00019 0,00015 0,15 9,31 81,14 
6,0 0,00023 0,00018 0,18 11,17 140,22 
7,0 0,00027 0,00021 0,21 13,03 222,66 
8,0 0,00030 0,00024 0,24 14,89 332,36 
9,0 0,00034 0,00027 0,27 16,75 473,23 
10,0 0,00038 0,00030 0,30 18,61 649,15 
11,0 0,00042 0,00034 0,34 20,47 864,01 
12,0 0,00046 0,00037 0,37 22,33 1121,73 
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The wind generates a centrifugal force of 18,49 N and a 
sustentation force of 157,51 N, superior to the total mass of the 
rotor that it is of 90,19 N what allows that the rotor can rotate. 
Sustentation force allows to obtain with smaller weight of the 
rotor and cost bigger powers for unit of area of the rotor. This 
depends directly on the attack angle and it is increased as this 
increases until arriving to a critical attack angle that is of 5º in 
this case, what guarantees according to [18] that the combination 
of the overpressure in the inferior part of the blades and the 
depression for above tend to rise them; the difference of 
pressures in the two faces generates a sustentation force that 
makes that the blade rotates. 
 
The apparent wind speed in the designed windmill, exit of the 
blade originates a drag force with value of 2,63 N that causes the 
starting torque beginning with a wind speed of the of 2,5 m s-1. 
It is a friction between the blade and the air through which the 
win rotor moves, for what represents the sum of all aerodynamic 
forces and it acts in opposed sense. This is solved with the 
centrifugal force which pushes to the blades toward out with a 
tendency to pull up them of the internal ring of the win rotor. In 
this type of mill due to their geometry, the drag force is much 
more important that the sustentation force, for what is able to 
conquer some appreciable mechanical resistances [20].  
 
The starting torque generated by the mill reaches the value of 
32,49 N.m in correspondence with the area of wind rotor, radius 
of the win rotor and the square of the incident wind speed. When 
acting on the wind rotor produces the rotation around the turn 
axis under some minimum conditions of wind speed, being also 
obtained a high torque [21].  
 
This system constitutes a practical solution for the efficient use 
of the energy resources in Cuba with positive impacts as the 
proposal for [22] in the case of the stability of the ethanol mixture 
with naphtha for the saving of fuels.   
 
IV. CONCLUSIONS 
The results of the investigation demonstrate that the windmill 
designed presents mechanical and hydraulic characteristics that 
allow to complete demands of the water pumping for a sprinkle 
irrigation system through a storage tank. This presents a wind 
rotor with a of 2,52 m and 15 aerodynamic blades of galvanized 
zinc with geometric dimensions that provide an area of 4,99 m2 
and a solidity coefficient of 78%.  
 
The water extraction system adopted consists of a piston pump 
with a diameter of 80 mm coupled to the wind rotor by means of 
a vertical axis and a reduction system that guarantees the 
transformation of the rotary movement of the rotor axis into an 
alternative linear movement to press the piston pump.  
 
The real flow of 0,17 L s-1 and a volume of water of 0,30 L 
displaced by the piston pump in each revolution of the wind rotor 
is achieved. The power generated by the wind rotor satisfies the 
power required by the pump for wind speeds between 2,5 and 
12,0 m s-1.  
 
The power coefficient reached for the designed wind rotor is of 
0,22; but the new proposed useful power coefficient corresponds 
with the climatic and design conditions that allows in a practical 
and precise way to determine the useful power of the windmill 









1. E. A. Soler, L .M. Sánchez and R. Borrego, 
“Caracterización del viento para evaluar su potencial 
energético en la Isla de la Juventud”, Ciencia de la Tierra y 
el Espacio, vol.16, no. 2, pp. 164-175, 2015. 
2. Y. Matsumoto and R. Saldaña, “Tecnología Solar-Eolica-
Hidrógeno-Pilas de combustible como fuentes de energías” 
en Ciencia y Tecnología, 2da ed., no. 2. Morelos, Mexico: 
Tecnológico de Estudios Superiores de Ecatepec, 2009, pp. 
12-22. 
3. T. P. Chang, “Estimation of wind energy potential using 
different probability density functions”, Appl Energy, 
vol.88, no. 5, pp. 1848–56, 2011. 
4. P. D. Avila, G. R. Alesanco and G. F. García, “Coste del 
kWh eólico generado en Cuba, a partir de datos de viento 
de una región de buenos potenciales eólicos”, Ingeniería 
Mecánica, vol.13, no. 3, pp. 38-45, 2010. 
5. N. Galán, E. Orozco, N. Mejías and C. Mellado, “Análisis 
Estadístico de la Velocidad del Viento en Mazatlán 
Sinaloa”, Revista de Análisis Cuantitativo y Estadístico, 
vol.2, no. 4, pp. 288-294, 2015. 
6. J. Proenza, J. E. Piña, R. Quevedo and M. Rojas, “Estudio 
del recurso eólico en la zona costera de la provincia 
Holguín”, Ciencias Holguín, vol.12, no. 1, pp. 1-10, 2006. 
7. Montesinos, “Historia de la energía eólica en Cuba”, 
Energía y Tú, (37), no. 37, pp. 9-17, 2007. 
8. M. Barreto and J. J. “Duffy, Riego solar-eólico por goteo de 
bajo costo para pequeños agricultores”, IV ISES_CLA y 
XVII- SPES, Cusco, Perú, 2010, pp. 1-5. 
9. Hanson, D. May, R. Voss, M. Cantwell and R. Rice, 
“Response of garlic to irrigation water”, Agric. Water 
Manage, no. 58, pp. 29-43, 2003. 
10. Prato, “Evaluación financiera de ajo (Allium sativum L.), 
morado Nacional y Peruano en el altiplano cundiboyacense, 
Colombia”, Corporación Colombiana de Investigación 
Agropecuaria, vol.17, no. 1, pp. 43-53, 2016. 
11. P. Fernández, “Energía Eólica I. Antecedentes Históricos y 
fuentes eólicas”.  Cantabria, España: Universidad de 
Cantabria, 2000, pp. 1-20. 
12. P.D. Fleming and S. D. Probert, “Design and performance 
of a small shrouded Cretan windwheel”, Applied Energy, 
no. 10, pp. 121-139, 1982. 
13. E. Riva, “Diseño de un molino de viento para extraer agua 
del subsuelo, para riego en zonas rurales, Professional 
thesis, Dept. Ingeniería Mecánica Eléctrica, Univ. Nac., del 
Altip., Puno, Perú,  2018. 
14. J. Calle, J. Guaman and L. Chunchi, “Sistema de riego en 
campos de cultivos y pastizales mediante aeropumpa” en 
INGE CUC, Vol. 17, No. 2, Julio – Diciembre, 2021 (IN PRESS) 
© The author; licensee Universidad de la Costa - CUC. 
INGE CUC vol. 17. no. 2, Julio - Diciembre, 2021. 
Barranquilla. ISSN 0122-6517 Impreso, ISSN 2382-4700 Online 
 
 
Investigación, ciencia y tecnología. Cuenca, Ecuador: 
Universidad Politécnica Salesiana, 2009, pp. 139-169. 
15. T. Sánchez, “Informe del II Seminario Internacional sobre 
energías renovables”, Santa Cruz, Bolivia: ITDG, 2007, 
120pp.  
16. G. Newman, “Multiple actuator-disc theory for wind 
turbines”, Journal of Wind Engineering and Industrial 
Aerodynamics, no. 24, pp. 215-225, 1986. 
17. E. Torquati, “Características técnicas para la 
implementación de molinos de viento para pumpeo de 
agua”. Bogotá, Colombia: Industrias Jober, 2003, pp. 11-28. 
18. Lecuona, “La energía eólica: principios básicos y 
tecnología”. Madrid, España: Universidad Carlos III de 
Madrid, 2002, pp. 1-79. 
19. J. Galarza, “Diseño de un molino de viento para extracción 
de agua” Professional thesis, Dept. Ingeniería Mecánica, 
Univ. San Francisco de Quito, Ecuador, 2016. 
20. P. Boomgaard, “Technologies of a trading empire: Dutch 
introduction of water and windmills in early-modern Asia, 
1650s-1800”, History and Technology, no. 24, pp. 41-59, 
2008. 
21. M. Castro, J. I. Rojas and M. P. Carranza, “Caracterización 
tecnológica de los molinos de viento mediterráneos 
españoles”, Dyna, vol.80, no. 177, pp. 22-30, 2013. 
22. F. García Reina, “Determinación de la estabilidad de la 
mezcla de etanol con naftas mediante la medición de sus 
propiedades dieléctricas y refractométricas.”, INGE CUC, 
vol. 16, no. 2, 2020. DOI: 
http://doi.org/10.17981/ingecuc.16.2.2020.10 
 
 
 
 
 
 
 
 
